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ABSTRACT 
In order to develop an initial estimate of the potential competitiveness 
of low temperature (45' C to 100' C) 
Plain, the Center for Metropolitan Planning and Research of The Johns Hopkins 
University reviewed and compared available energy price projections. 
projections covering the post-1985 period have been made by the Energy Infor- 
mation Administration, Brookhaven National Laboratory, and by private research 
firms. Since low temperature geothermal energy will compete primarily for the 
space and process heating markets currently held by petroleum, natural gas, 
and electricity, projected trends in the real prices for these fuels were 
examined. 
fuels, which often serve identical end uses, underscores the influence of 
specific attributes of each+type of fuel, such as cleanliness, security of 
supply, and governmental regulation. Geothermal energy possesses several 
important attributes in common with electricity (e.g., ease of maintenance and 
perceived security of supply), and thus the price of electric space heating is 
likely to be an upper bound on a competitive price for geothermal energy. 
Competitiveness would, of course, be increased if geothermal heat could be 
delivered for prices closer to those for oil and natural gas. The projections 
reviewed suggest that oil and gas prices will rise significantly in real terms 
over the next few decades, while electricity prices are projected to be more 
stable. Electricity prices will, however, remain above those for the other 
two fuels. The significance of this work rests on the fact that, in market 
economies, prices provide the fundamental signals needed for efficient resource 
allocation. Although market prices often fail to fully account for factors 
such as environmental impacts and long-term scarcity value, they nevertheless 
embody a considerable amount of information and are the primary guideposts for 
suppliers and consumers. 
geothermal resources on the Eastern Coastal 
Series of 
The spread in the current and in projected future prices for these 
iii 
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PREFACE 
Research f o r  t h i s  paper was conducted by the Center fo r  Metropolitan Planning 
and Research (the Metro Center) under subcontract t o  the Applied Physics Laboratory 
of The Johns Hopkins University (APL/JHU) as par t  of the Geothermal Energy 
Market Study (GEMS) which w a s  sponsored by the Division of Geothermal Energy of 
the Department of Energy (DOE/DGE) 
The non-electric or d i rec t  use of geothermal energy necessarily involves 
transmission of hot water t o  user sites (residential ,  commercial, o r  industr ia l )  
through d i s t r i c t  heating systems. 
nornally depend on the delivery price,  and how that  pr ice  compares with prices 
fo r  t rad i t iona l  space heating fuels,  such as o i l ,  natural  gas, coal, and elec- 
t r i c i t y .  
The demand fo r  geothermal energy will 
As an input t o  such an analysis, t h i s  paper reviews and compares a 
series of recent energy pr ice  projections fo r  the t radi t ional  fuels.  
However, i n  addition t o  providing a perspective on the prices which po- 
t e n t i a l  users may be will ing to  pay for  geothermal energy, these projections 
a r e  important i n  themselves. 
t radi t ional  fuels  i s  within the range suggested by these models, s ignif icant  
adjustments w i l l  be required i n  most areas of the economy, and the dislocations 
caused by such changes can become a major public policy issue i n  the next two 
If the  level of real pr ice  increases fo r  the  
The substance of the  present report  w i l l  be incorporated i n  a f ina l  APL/JHU 
report  on the market potent ia l  fo r  moderate temperature geothermal energy i n  
these regions and on the projected displacement of conventional fuel  by geo- 
thermal fo r  space heating and selected industr ia l  processes. 
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SUMMARY 
$ 1  This report reviews retail  energy pr ice  projections made by the Energy 
w 
Information Administration (June 1978), by Brookhaven National Laboratory 
(July 1978), and by Foster Associates (April 1977). 
term marginal costs" f o r  various fuels  made by Stanford Research International 
(September 1977) are considered separately. 
a t  l eas t  two sets of projections based on different  eeonomic, resource, and 
policy assumptions. I t  should be emphasized tha t  the pr ices  c i ted here are 
more accurately characterized as projections based on each model's representa- 
t ion of the energy economy and best  guesses about exogenous influences, rather 
1 4  
Projections of "long- u 
, 
t 
i .  
Each of these organizations made 
b 
C d 
i '  
Bi than as forecasts of expected pr ice  levels,  A l l  prices c i ted i n  t h i s  report 
9 '  are  i n  1978 dol la r  values. Thus, these a re  "real" pr ices  i n  the sense tha t  
the effects  of the general r a t e  of in f la t ion  have been eliminated from both 
figures given for  1975 pr ice  levels and those projected for  future years. 
d 
k 1  
iisr 
In current dol lar  values, d i s t i l l a t  
f 7  
ki 
y 
k 
projected t o  r i s e  40% t o  70% above 1975 levels by 1990. 
"worst case" scenario, t h i s  r ise  is  well over 200 
lower 1975 base price,  natural  gas prices are projected t o  approach those f o r  
d i s t i l l a t e  OR an equivalent BTU basis.  
well be more than double 1975 levels. 
Under Brookhaven's 
Starting from a much 
* I  
By 1990, r ea l  natural  gas prices may 
e c t r i c i t y  pr ices  are projected t o  rise I 
L' 
l y  than prices f o r  other fuels  and may decline sometime a f t e r  
l ike ly  to  remain about twice as expensive as  d i s t i l l a t e  or  
;d 
t 
\ 
natural  gas. id ( 
Any comparison of the actual pr ice  competitiveness of a specif ic  fuel  
must, however, account fo r  differences i n  the amount of heat each type of heating 
t '  
,- 
ix 
G 
i 
system delivers t o  the building for  each BTU of energy input. 
affected by a n h b e r  of factors including system design and maintenance practices. 
Thus, there can be considerable variation withtn systems of the same type. 
efficiency ratings given below are  taken from FEA!s Energy InterrelationShips 
(FEA/B-77/166, June 1977), and are estimates of average overall  efficiency fo r  
each type of heating system, i.e., the portion of energy consumed by the system 
which i s  delivered t o  the building as heat. Electr ic  heating i s  generally very 
e f f ic ien t .  
O i l  and natural gas systems are  generally less  e f f ic ien t ,  being rated on the average 
a t  60 percent and 70 percent respectively i n  the FEA study. Warm water geothermal 
systems, l i k e  e lec t r ic i ty ,  i r e  very e f f ic ien t  i n  terms of usable energy f o r  energy 
delivered t o  the door, 
assumed here. 
geothermal occur pr ior  t o  delivery t o  the user.) 
Efficiency is  
The' 
* 
While sQme estimates use 100 percent, FEA's study uses 90 percent. 
For i l l u s t r a t i v e  purposes, an efficiency of 90 percent is 
(Again, l ike  e leb t r ic i ty ,  most of the system inefficiencies for  
Electr ic i ty  for  space heating is sti l l  more expensive (and i s  projected t o  
remain so) than space heating by o i l  and natural gas. 
however, on the  basis of premium at t r ibutes  such as perceived security of supply, 
cleanliness, and ease of maintenance. 
of these premium at t r ibutes .  
be accelerated i f  it could be sold a t  pr ices  competitive with o i l  and gas, the 
I t  has made market penetration, 
Geothermal should be able t o  capture some 
Thus, while market penetration by geothermal would 
pr ice  of e l ec t r i c  space heating is probably the effective upper l i m i t .  
Taking one set of 1990 pr ice  projections fo r  e l ec t r i c i ty  of 1547#/MM BTU 
(in 1978 dol lars) ,  489 ' for  d i s t i l l a t e  fuel o i l ,  and 416 f o r  natural gas, and 
modifying f o r  the efficiencies c i ted above, the pr ice  cei l ing for  geothermal 
energy would be about 1$5O$/MM BTU. 
it would be pr ice  competitive y i th  d i s t i l l a t e .  
t i ve  with natural  gas prices under t h i s  projection. 
If it could be sold for  under about 735, 
A price of 540 would be competi- 
X 
L 
L 
Regionally, the Northeastern portion of the country pays higher than 
average prices fo r  natural  gas and e l ec t r i c i ty  and about average prices €or 
petroleum. The South pays about average prices fo r  e lec t r ic i ty ;  lower than 
average prices fo r  natural gas; and above average prices fo r  petroleum. 
Although the Atlantic Coastal areas of in te res t  t o  the lbw-grade geothermal 
project fa l l  i n to  different  regional categories under each of the models 
considered, cer ta in  patterns hold which are  useful i n  identifying specif ic  
pr ice  conditions i n  these areas. 
projected t o  hold throughout the forecast period. 
.south along the coast, each s e t  of projections shows e l ec t r i c i ty  and natural 
gas prices being lower and d i s t i l l a t e  prices being higher than i n  the more 
northerly areas. 
These pr ice  d i f fe ren t ia l s  are  generally 
In most cases, as one moves 
P '  
xi 
I 
i 
b 
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b INTRODUCTION 
I 
b 
I 
L 
6 
G 
Since energy is such a vital component in the U.S. economy and way of life, 
the present and future cost and availability of energy are of special interest 
to us all. This concern has led t o  the search for non-traditional fonns of energy 
ds. These non-traditional sources of energy, 
such as warm water ge a1 energy, must be evaluated against traditional and 
ticular, they must be price competitive with 
many reputab groups supplying price 
of energy, we have sampled some of these, and 
present them as :the basis for evaluat non-traditional forms. 
es developed out of the Arab Oil Embargo Widespread co 
u 
* 
C '  
L een eliminated, 
oderately, and, in some cases, 
ices rose from L 
i I  
in 1977. In real (1978) dollars, 
b 
w 
age monthly electric bills 
nal dollars), while the 
e ,  
F I  sidential heating 
e , and remained almost 
r r  
ars . However, 
i d  
Lii 
b These relatively moderate price rises are partially a result of governmental 
regulation and short-term market conditions. The future iong-term trend for 
id 
t 
I 
i 
2 
energy prices, even after correction fo r  inf la t ion,  appears very l ike ly  t o  be one kw 
of frequent and significant increases. 
The energy price projections reviewed 
assumption that  the declining resource base 
gas, and the desire. of producers t o  capture 
b i n  t h i s  paper are based on the 
fo r  t radi t ional  sources of o i l  and 
scarci ty  rents,  w i l l  cause continuing 
c 
4 
t- 
upward pressure on rea l  prices,  at l ea s t  through the end of t h i s  century. 
projected that  U.S. crude o i l  and natural  gas production, under the most favorable 
conditions, w i l l  increase only moderately u n t i l  sometime i n  the 1990's .' 
1990, such production levels w i l l  be d i f f i c u l t  t o  maintain. 
duction is  expected to  peak sometime i n  the 1990's. 
I t ' i s  
Beyond 
Worldwide o i l  pro- 
2 
Eventually, average energy prices w i l l  be determined by the marginal (i.e., 
replacement) cost of production from coal, o i l  shale, and so lar  energy (which in-  
cludes such sources as wind and biomass). 
sources is  large o r  renewable, energy from such sources should be re la t ive ly  s tab le  
i n  price. Unlike o i l  and gas, where current pr ice  is being increasingly determined 
by scarci ty  value and market conditions, the major uncertainties with the a l t e r -  
native sources of energy are t h e i r  production costs under greatly expanded output 
levels.  
long-term energy prices appear t o  be more certain than near-term prices, which a re  
greatly influenced by the decisions of  producing nations regarding the r a t e  of 
extraction of t h e i r  exhaustible resources and the decisions of consuming nations 
regarding the speed of  a t ransi t ion t o  a l ternat ive sources of energy. 
the prices for  petroleum and natural gas w i l l  r i s e  t o  at leas t  the ceil ings imposed 
One of the principal uncertainties is 
Since the resource base fo r  these re-  
An interest ing feature of t h i s  s i tuat ion is tha t ,  i n  some respects, 
Eventually, 
e production costs of the alternatives.  
the time required to  reach these ceil ings.  
Within the next two decades, major adjustments'will be re red i n  energy 
consumption patterns around the world. The ro le  that  government w i l l  play w i l l  be A 
L 
- 
i t 
& 
I i  
hr 
* 
3 
crucial. On the one hand, there is concern tha t  pr ice  deregulation only delays 
justment i n  supply and demand conditions, and that  unnecessarily severe 
dislocations w i l l  * 
L the other hand, e 
; +  t o  many persons and help fuel  in f la t ion  throughout the economy. ru 
The pr ice  projections analyzed i n  t h i s  paper are, f o r  the most par t ,  products 
of large-scale economet 
mentioned. 
3 and thus, there are  some caveats which must be 
t 
bi 
Any model is an abridgement of the actual s i tuat ion,  which is l ike ly  
t o  be influenced by subt le  and changing relationships and by fac tors?  such.as gov- 
ernmental policy, which are reevaluated and redirected over the course of decades. - 
The prices c i ted  i n  th i s  report are projections based on each model's representation 
4 1  
, and are not forecasts of  what future prices u 
els capable of L , and governmental 
d representation of 
y to  methodically 
ications of potent ia l  
not necessarily good 
L 
1 '  
hd 
b eful  i n  assessing t h  
1 %  areas of the economy. 
the Energy Information 
a1 world prices,  
Li 
b 
I '  
u 
8 .  
en National Laboratory' s 
r y  high o i l  pr ices  bl 
7 :  crude o i l  from coal 
and o i l  shale could be two o r  three times as expensive t o  produce as e a r l i e r  
f l  estimates). 
4 
Conditions reflected i n  Series D could possibly hold f o r  a short  time, 
h 
4 
but it seems unlikely that  incentives to  increase supply and reduce demand would 
occur simultaneously. While the consequences of Brookhaven's High Price III  
scenarios are  frightening, unless the pr ice  rise were very rapid, a l ternat ive 
sources of energy would come on l i ne  as quickly as they could be developed, and 
consumers could make the switch. 
L.J 
.%- 
I. 
Thus, the impacts of  the higher o i l  prices 
would be lessened, a t  leas t  fo r  those sectors where al ternat ive sources of energy 
-- exis t .  Again, it should be emphasized tha t ,  because these models cannot ant ic ipate  
b 
a l l  possible responses t o  changing conditions, the estimates of future pr ice  levels 
are  those tha t  probably would r e su l t  i f  the economy were relat ively inflexible.  i 
The purpose of t h i s  report is  to  out l ine current energy pr ice  projections 
2- 
through the end of t h i s  century. The economic v i ab i l i t y  of geothermal resources, i, 
as t ha t  of any new technology, w i l l  depend largely on i ts  a b i l i t y  t o  match or 
undercut the prices of t radi t ional  sources of energy. 
not widely used today because there 3re very few si tuat ions i n  which it competes 
in:price with other sources o f  energy. 
\ L 
Warm water geothermal is 
4- 
L 
L 
3 
L 
I t  may, however, be competitive with prices 
'I 
fo r  t radi t ional  fuels within a re la t ive ly  few years. In addition t o  pr ice  
competitiveness, cer ta in  premium a t t r ibu tes ,  such as perceived security of supply 
and low user maintenance requirements, may permit the sale of geothermal energy a t  
prices somewhat above those f o r  competing fuels.  
heating is  considerably more expensive than other types of heating on cost of5 
6 Although e l ec t r i c  space 
II 
1 purchased BTU basis ,  correction for  average system efficiency reduces t h i s  
difference from nearly 3 t o  close t o  2 times as expensive. A study by N.B. 
Guy01 for FEA (Energy Interrelationships, FEA/B-77/166, June 1977) estimated 
L 
- 
b 
average heating system efficiencies a t  90 percent for  e l ec t r i c i ty ,  70 percent 
€or natural  gas, and 60 percent €or d i s t i l l a t e  fuel  o i l .  
considerabPe variation i n  efficiencies of systems of the same type (due t o  
maintenance practices,  levels of insulation, and other factors),  the efficiencies 
f 
is 
While there can be - 
4 
L. 
i 
b 
k 
ci ted above are useful f o r  gross adjustments f o r  the  amount of energy actually 
delivered t o  the building by each type of system f o r  each BTU of energy input. 
Taking Brookhaven National Laboratory's basecase projections f o r  1990, the effective 
prices t o  the consumer for  usable heat energy i n  the building (i.e.,  using Guyol's 
f '  
b 
efficiencies),  i n  4/MM BTU i n  1978 dollars,  are 1719 f o r  e l ec t r i c  space heating, 
-
815 fo r  o i l ,  and 594 f o r  natural gas. 
l e c t r i c i t y  prices a re  st i l l  projected t o  be above those fo r  o i l  and i *  w 
L 
natural$as  i n  1990, e l ec t r i c i ty  has premium a t t r ibu tes  such as perceived security 
of supply, cleanliness, and low maintenanc 
nif icant  market penetration (SRI assumes a 4 premium of 2604/MM BTU i n  1978 
dol lars  f o r  e lec t r ic i ty ,  compared to  natural  gas, f o r  space heating) , 
energy may be marketable a t  prices above those f o r  o i l  and gas, i f  it has efficiency 
and premium a t t r ibu tes  similar 
t r i c i t y  may be considered a minimum thresh 
must compare successfully. 
Geothermal t 
b 
'f ' 
those for  e lec t r ic i ty .  Thus, the  price of e l m -  
$ 1  
L 
! 
price with which new sources of energy 
Section I of t h i s  report s e t s  out t h  
id Section I1 considers the regionalized pr ice  project i  s *  Although the national and 
regional pr ices  a re  imp0 
energy, general trends i n  resource development a re  also important. 
i f  synthetic crude o i l  production is  delayed 
of world o i l  production, shortages may occur 
premiums on sources such as geothermal. 
t for  evaluating th 
For example, 
Y place "security of SUpPlY" 
9 . 
P 
i;; 
F +  ection 111 compares the resoLlrce develop- 4i 
ent and other assumptions of the models. 
I. NATIONAL ENERGY PRICE PROSECTIONS 
Projections of retail  energy prices were obtained €Porn the Energy fnSormation 
Administration's Annual Report t o  Congress [June 1978), from a brookhaVen 
National Laboratory memorandum and by telephone [July 19fs),4 a d  from a report  
by Foster Associates (March 1977) ' 
Ins t i tu te  (EPRI). EPRI a lso funded a study by Stanford Research fhtern5t'tional - 
(SRI) Because tnarginll prices 
5 conducted fo r  the Electrke Power Research i 
6 on long-term marginal pr ices  f o r  various fuels.  
are not d i rec t ly  comparable t o  retail  prices,  Skf's proje 
separately. 
under varying assumptions regarding resource development, economic conditions, and 
governmental policies.  
projection ser ies  a re  reviewed i n  t h i s  report. 
Administration [EIA) projection series, for  extunple, only the highest {Series 
' I F t 1  - world o i l  prices i n  the range of $20 t o  $25 per barrel)  and the lowest 
611s are cohsidered 
Each of these organizations made two or more se t s  of pr ice  projections 
Due t o  the large number of m6del runs, not a l l  6€ these 
In the Energy Information 
(Series "D" - stable  world o i l  prices a t  under $16 per barrel ,  re la t ive ly  low 
energy demand and re la t ive ly  high supply) are presented. 
projections under three scenarios: Basecase (essentially a continuation of current 
krookhaven makes 
economic and resource conditions) ; NEP (projections assmifig enactment of President 
Carterls National Energy Program as  or iginal ly  proposed); and High Pr ice  111 (a 
*'worst 
ref lect ing shortage of petroleum supplies and very high costs f o r  producing 
synthetic crude o i l  from coal and o i l  shale), 
scenario involving very high o i l  prices - approaching $60 per barrel ,  
Foster makes projections under so- 
called "Free Market" conditions (i.e.,  ddmestic crude prices equal t o  the pr ice  of 
imported o i l  and natural gas r i s ing  t o  the pr ice  of o i l  on an equal BTU basis),  
and under "Price Regulation'' (i.e., continuation of the  pr ice  control mechanisps of 
the Energy Conservation Act of 1975). SRI makes Its projections under a 
6 
. ." _  .
I 
7 
base case and under scenarios involving higher and lower levels of energy 
demand. 
by a re la t ive ly  short  time the introduction of the long-term prices it projects,  
and do not alter the  nature of these prices. The assumptions underlying each of 
SRI points out tha t  ch ges i n  the conditions of i t s  base case only move 
\ 
these models are considered i n  Section I11 of t h i s  paper. 
Close examination of the pr ice  projections c i ted  i n  t h i s  report  indicate 
the different  assumptions regarding not only overall  pr ice  trends, but also the 
differences between sectors and fuels .  
gives l i t t l e  explanation f o r  the intersector and interfuel  changes. 
Often the text  accompanying the projections 
A l l  prices a re  given i n  1978 dol lar  values per million BTUs. Prices or iginal ly  
given i n  1975 dol lars  a r e  converted to  1978 figures using the GNP in f l a to r  obtained 
from EIA. 
Table 1 is a summary of national average resident ia l  energy prices from EIA, 
Brookhaven, and Foster. 
do not include projections f o r  e l ec t r i c i ty  prices,  and Brookhaven's projections fo r  
1990 a re  not yet complete. 
percentage changes from the preceding period f o r  which data a r e  available. 
graphically illustrates the projections i n  Table 1. 
E I A ' s  projections a re  made only f o r  1985 and 1990. Foster's 
Table 2 converts the pr ice  projections in to  annual average 
Figure 1 
Overall, the highest projections a re  those by Brookhaven. Both i t s  High Price 
111 and NEP scenarios show 1985 prices above the highest E I A  projections f o r  
d i s t i l l a t e ,  natural  gas, and e lec t r ic i ty .  
Under Brookh 's basecase conditions, res ident ia l  d i s t i l l a t e  pr ices  r ise 
from 1975 t o  1985, at  2 1/2% annually from 1985 t o  1990, and then a t  j u s t  
1% annually t o  the 
1985 and $24.95 i n  1990) shows a 3 J/2% annual increase i n  res ident ia l  d i s t i l l a t e  
prices fo r  the 1975-1985 decade, and then a 4% annual increase t o  1990. Foster's 
2000. E I A ' s  high o i l  pr ice  scenario ($19.55 per barrel  i n  
res ident ia l  d i s t i l l a t e  pr ice  projections (which were run i n  1976) show the lowest 
increase. 
per year t o  the end of t h i s  century. 
In the Foster model, however, prices accelerate after 1990, r i s ing  a t  3% 
8 k 
, 
Table 1 .  Residential Price Projectfons, $/MM BTUs (1978 $) 
ETA - High (Series F) 
Dist i l la te  
197s 1985 1990 2000 
f e 
c * 
449 548 I 
i (318) 
Low (Series I)) 390 398 -- 
d 1 BNL - High 111 545 808 X067 
Basecase 430 489 547 
Foster - Free Market 373 395 491 
426 
C3W 
Price Regulation 355 382 
EIA - High 
Low 
BNL - High II? 
NEP 
Basecase 
Foster - Free Market 
Pfice Regulation 
Natural Gas 
329 449 -- 
292 363 -- 
434 -- 514 
(1963 ’ 
(196) 419 -- so2 
405 4 16 484 
4 19 446 573 
327 330 481 
(196) 
EIA - High 
Low 
BNL - High f I I  
NEP 
Basecase 
Electricijry 
1237 
1157 
(1107) 
1816 
(1107) 1611. 
1521 
1168 -- 
P 166 -- 
1574 6479 
-- 1572 
1547 1594 
. -  
. .  . .I^  
9 
Table 2. Average Annual Percentage Changes i n  Price (Percentage change from preceding 
period f o r  which data ‘is given) 
Distillate 
1975 1985 
E I A  - High 
Low + 2  
BNL - High I11 + 5% 
NEP (318) + 4  
Base + 3  
Foster - Free Market 
Price Regulation 
‘ + 1% 
1990 
+ 4  
+<1 
+ 8  
-- 
+ 2% 
+ 1 118 
+ 314 
2000 
-- 
-- 
+ 2 3/4 
+ 1 3/4 
+ 1 1/8 
+ ‘3 
+ 3% 
Natural Gas 
. .: 
E I A  - High 
Low 
-.  
~ .- . 
. .  
- 1  
i’ 
t ’  
-- + 1 118 + 9  
,* t 
BNL - High I11 
NEP (196) + 8  -- + 1% 
Base + 7  + %  + 1% 
Foster - Free Market + 8  + 1% + 2% 
Price Regulation + 5% + 2% + 2% 
(196) 
Elec t r ic i ty  
EIA - High + 1 1/8 No change -- 
-- (1107) Low + %  - 1  
BNL - High I11 + 5  - 3  - 314 
(1 107) + 4  -- No change NEP 
Bas e + %  + %  + a  
LO 
Figure 1. Residential Fuel Price Projections (#/MM BTUS, 197B$) 
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Brookhaven's projections show 1985 resident ia l  d i s t i l l a t e  prices ranging from 
135% t o  170% of 1975 levels i n  real terms, while year 2000 pr ices  are from 170% t o  
over 335% of 1975 levels. 
123% t o  140% of 1975 levels,  and from 125% t o  about 170% i n  1990. 
E I A ' s  projections show d i s t i l l a t e  prices ranging from 
Natural gas pr ices  i n  e ch of the models and under most runs show the  largest  k 
increases among the three principal res ident ia l  fuels .  
increases up t o  1985 and then much more s tab le  prices for  the remainder of the 
century. 
t o  1990. Foster's "Free Market" scenario, l i ke  Brookhaven's projections, shows 
large increases early i n  the projection period and more s tab le  prices l a t e r  i n  the 
period. 
Brookhaven projects large 
E I A  shows very moderate increases u n t i l  1985 and then very rapid r i s e s  
Brookhaven's projections show 1985 natural  gas prices t o  be about 200% of 
1975 levels,  and about 250% fo r  the year 2000 compared t o  1975. 
for  1990 range from 245% t o  nearly 300% of 1975 levels. 
more moderate increases, ranging from 185% t o  230% of 1975 levels  by 1990. 
Foster 's  projections 
E I A ' s  projections show 
Electr ical  prices i n  both the E I A  and Brookhaven scenarios show actual 
declines i n  r ea l  pr ice  l a t e r  i n  the projection period. E I A ' s  high and low projection 
ser ies  show moderate pr ice  increases through 1985, and then the two pr ice  projections 
coincide i n  1990. 
apparently, of the s t i l l  s ign i f i c  
then rapid drops a f t e r  1985. 
t h i s  century remain about three times as high as o i l  and natural  gas prices i n  the  
same runs of each model. 
Brookhaven shows very rapid increases up t o  1985 (a r e su l t ,  
t ro l e  of o i l  i n  e l ec t r i c  power generation), but 
Despite these declines, e l ec t r i c i ty  prices late i n  
5 
Table 3 outlines e t a i l  pr ice  projections for  the commercial sector,  and Table 
4 shows pr ice  projections f o r  the industr ia l  sector. 
industr ia l  prices a re  projected t o  remain below those fo r  the resident ia l  sector. 
Under E I A  runs, commercial prices a re  projected t o  be very close t o  industr ia l  
pr ice  levels, while i n  Brookhaven's and Foster's runs, the commercial prices tend 
Generally, commercial and 
t o  remain closer t o  res ident ia l  pr ice  levels. 
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Table 3. Fuel Price Projections ;For the Commercial SectOr ($[W BTU's, 1978 $) 
EIA - High 
Low 
BNL - High I11 
NEP 
Base 
Foster - Free Marke 
Dis ti 1 1 at  e 
1975 $985 1990 2000 
A22 S?l 
W 6 )  
364 571 
547 808 1067 
(2864 46 7 -- 554 
430 489 547 
369 389 488 
400 
(286) 
Price Regulation 348 375 
Natural Gas 
EIA - High 
Low 
BNL - High I11 
31 5 427 
258 36 1 
(154) . 
39 7 399 483 
NEP (154) 389 471 
Base 375 383 454 
Foster - Free Market 385 412 538 
29 3 336 446 
(154) 
Price Regulation 
Elec t r ic i ty  
EIA - High 
Low 
1269 1247 
1186 i 205 
tlO90) 
BNL.- High 1x1 1778 1917 1448 
NEP (1990) $578 -" 1539 
Base 1499 1521 1561 
I .  
i 
i h i  
13 
I " 
w 
Table 4 .  Fuel Price Projections for the Industrial Sector (#lMM BTUs, 1978 $) 
Dist i l la te  
1975 1985 1990 2000 
"- G ETA - H&h 422 524 
& 
-* 
(285)' 
Low 365 373 b 
I Foster - Free Market 312 336 428 
4 Price Regulation 2 84 320 410 (285)  
ETA - High 
i '  G Low 
Natural Gas 
L 356 36 3 489 244 286 99 7 Foster - Free Market (127)  Price Regulation 
Residual 
B '  290 31 1 4 29 
269 297 397 
Foster - Free Market 
# (226) 
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EIA shows commercial and industr ia l  d i s t i l l a t e  prices r i s ing  t o  between 130% 
and 180% of 1975 levels by 1990. Natural gas prices for  the  industr ia l  sector  i n  
1990 are  projected t o  be between 190% and 240% of 1975 levels.  
projections show commercial natural  gas pr ices  i n  1990 a t  about 260% of 1975 levels 
and a t  over 300% by the  year 2000. 
Brookhaven's 
Foster's projections show commercial natural  
gas prices a t  350% of 1975 levels by the end of the century. 
In 1975, res ident ia l  e l ec t r i c i ty  prices were 167% of industr ia l  e l ec t r i c i ty  
prices on the average. 
be reduced by 1990 so tha t  res ident ia l  prices are  about 125% of industr ia l  e l ec t r i c  
Under EIA projections t h i s  d i f fe ren t ia l  is projected t o  
prices .\ 
SRI's Long-Term Marginal Price Projections 
Stanford Research International 's  model projects long-term marginal energy 
prices.  
tha t  they do not r e f l ec t  average or  '*rolled in" prices o r  conditions under which 
producers could charge higher prices (e.g., capture scarci ty  ren ts ) .  What they do 
reflect are the minimum prices required by producers t o  del iver  an additional BTU 
t o  the marketplace. SRI believes 
tha t  i t s  model is not necessarily representative of near term conditions (it is an 
equilibrium model, and the near term is not an equilibrium si tuat ion) .  
believed, however, t ha t  the model's predictive a b i l i t y  increases considerably a f t e r  
about 1985, as coal and nuclear energy and synthetic fuels  play a larger role .  
These prices d i f f e r  from the other projections ci ted i n  t h i s  report  i n  
They can be viewed as  long-term minimum prices.  
It is 
Table 5 shows the long-term marginal pr ice  projections f o r  primary fuels .  
The re la t ive ly  s tab le  prices fo r  nuclear fuel  and coal r e su l t  i n  s tab le  o r  f a l l i ng  
r ea l  prices for  e l ec t r i c i ty  l a t e  i n  the projection period. 
prices fo r  o i l  and gas continue t o  climb rapidly well past the end of the century. 
In contrast ,  the  marginal 
b 
't 
b Conclusions 
.-- 
If the projections of these models are accurate, natural  gas users \ 
lo 
bd 
f 
(particularly commercial and industr ia l  users) w i l l  face the greatest  percentage 
15 
Resource 
Nuclear Fuel (UsOs) 
Interiar Coal (High sulfur) 
Great Plains Coal (tow sulfur) 
Gulf Coast Crude 
North Slope Crirde 
-
Crude Import 
Gulf Coast Gas 
North Slope Gas 
1985 
54 
80 
52 
296 
294 
286 
284 
185 
85 69 
79 77 
57 57 
39 1 4 SO 
340 354 
=3 996 
39 8 413 
174 219 
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increases i n  real price.  I t  appears, however, tha t  natural  gas prices w i l l  not 
exceed those fo r  d i s t i l l a t e .  Thus, natural  gas users would not necessarily repre- 
sent a greater potential  
users of d i s t i l l a t e  o i l .  
The implication of 
f o r  market penetration by geothermal energy than would 
current trends and projected future events, as re- 
f lected i n  the models considered here, 4s that  energy w i l l  increase i n  r e a l  value, 
moderately o r  great ly ,  during the remainder of the century. 
from a shortage of t radi t ional  sowces of supply r e l a t ive  t o  the demand fo r  energy. 
This phenomenon resu1;ts 
The American economy is  probably responsive enough t o  avoid the worst of the prob- 
lems associated with Brookhaven's High Price I11 scenario, should it occur. The 
steep rises i n  o i l  prices would accelerate the changeover t o  a l ternat ive fuels  
(provided the rise i n  o i l  prices was implemented slowly enough t o  permit a t ransi t ion 
without a breakdown i n  the economy). 
not so manipulable as t o  permit the low demand, high supply, and moderate pr ice  
conditions of EIA's Series trDrt t o  occur simultaneously. 
economy is l ike ly  t o  experience s ignif icant  i f  not catastrophic dislocations. 
geothermal energy is  widely perceived t o  be a secure source of energy, t h i s  feature 
may take on important market value during the period when the dislocations are most 
On the other hand, the economy is probably 
Somewhere i n  bemeen, the 
If 
severe. 
energy must bep'ri'ce competitive with e l ec t r i c  space' heating. 
i n  t h i s  report  prove t o  be accurate, geothermal energy's upper pr ice  f o r  market 
penetration i n  1990 would be about 1200 t o  15OOQ/MM BTUs. 
t ha t  e l ec t r i c i ty  prices show considerable regional variation. 
report examines regional energy pr ice  projections. 
However, since e l ec t r i c i ty  offers  many of the same advantages, geothermal 
If the projections ci ted 
I t  should be noted, however, 
Section I1 of t h i s  
11. REGIONAL ENERGY PRICE PROJECTIONS 
Regional pr ice  d i f fe ren t ia l s  can be relat ively large (as much as  15% o r  20%) 
'I 
f o r  some fuels ,  and r e f l ec t  differences i n  resource transportation costs, market 
competitiveness, governmental regulation, and other factors.  The influence of 
specif ic  factors which determine price ra t ios  between regions may change over 
time, thus introducing even greater uncertainty into regional energy projections 
re la t ive  t o  national projections. Nevertheless, pr ice  projections by region are  
useful as reminders of the possibly s ignif icant  differences i n  prices fo r  specif ic  
fuels.  
are  examined. 
This consideration is easi ly  overlooked, i f  only national average prices 
Brookhaven uses h is tor ica l  pr ice  r a t i o  
prices as the basis fo r  projections of future pr ice  differences (i .e. ,  the ra t ios  a re  
assumed to  hold constant over time). 7 
The E I A  model firs generates region specific price projections. Its national 
projections are  derived from 
projections individually fo r  seventeen cities (at  l eas t  one i n  each of the nine 
Census regions). 
of historical a1 price different ia ls .  
Brookhaven disaggregates its national projections on the basis 
es different regionalization schemes. 
rgy regions of several s t a t e s .  Its regions which cover 
t h i s  project a r  
which are relevant ortheast  and 
use U.S. Cens 
cover the area of in te res t  are the "Middle Atlantic" region, which includes New 
York, New Jersey, and Pennsylvania; and the '9outh Atlantic" region, which 
17 
18 
includes Delaware, Maryland, Virginia, West Virginia, North and South Carolina, 
Georgia, and Florida. 
For each of these models, the regional prices which apply to  the Atlantic 
Coastal areas of southern New Jersey, the Delmarva Peninsula, and the Virginii ,  
\ 
North Carolina tidewater areas are  presented i n  the following tabies 
considerable dis tor t ion occurs, because of the overlaps among the regi6ns, and 
other problems. 
Inevitally,  
For example, even i n  the relat ively small EIA region of New York 
and New Jersey, the prices given fo r  the region are  probably dominated by those 
i n  the New York metropolitan area. 
closer t o  those i n  E I A ' s  tWiddle Atlantictt region. 
Prices i n  southeastern New Jersey may w e l l  be 
Tables 6, 7, and 8 display the regional r e t a i l  pr ice  projections for  each 
of the three models. 
and high price scenario. 
Brookhaven provided regional projections for its base case 
E I A ' s  national projections. a re  ident i f ied by specif ic  
assumptions regarding supply, demand, and world o i l  prices.  While the national 
projections are ident i f ied by l e t t e r s  A through F, the regional projections are  
identified by variations on the three underlying macroeconomic projections. 
are  CEASPIRIT, an assumption of re la t ively s table  economic growth; CYCLELONG, an 
assumption of slower growth, higher inf la t ion,  and greater cyclical  f luctuation 
These 
than CEASPIRIT; and TRENDLONG, an assumption of long-term re la t ive ly  steady 
economic growth. 
regarding resource development, energy demand, and pr ices  fo r  imported o i l .  
E I A  regional projections presented here are  fo r  three scenarios: "High Resourqe 
CEASPIRIT" (the most optimistic, corresponding generally t o  national projection 
Each macroeconomic projection can be paired with assmptions 
The 
Series D); "Low Resource CYCL3LONG*1 ( less  optimistic economic and energy resource 
development assumptions, but world o i l  prices remain a t  about $15.00 per barrel  in  
rea l  terms through 1990); and ItHigh O i l  Price TRENDLONG!' (which corresponds 
roughly t o  national projection Series F).  
the others, are  i n  constant (i.e., uninflated) 1978 dollars.  
. 
A l l  prices given i n  t h i s  section, as i n  
Table 6. EIA Regional Price Projections (Q/MM BTU's, 1978 $) 
Hi-Res CEASPIRIT Lo-Res CYCLELONG Hi Oil Price TRENDLONG 
World Oil = $15.32/brl World Oil = $15.32/brl World Oil 1985=$19.55; 19901824.95 
1985 1990 1985 990 1985 1990 
NY/NJ MidAtl NY/NJ MidAtl NY/NJ MidAtl NY/NJ MidAtl NY/NJ MidAtl W/NJ Residential 
Distillate 394 413 408 42 7 400 418 12 431 453 471 55 3 
Natural Gas 395 346 4 74 39 8 423 363 84 407 4 39 381 555 
r 
M h t l  
571 
477 
1634 1379 1453 1809 Electricity 599 1397 1666 1404 1575 138 
'7 
Commercial 
Distillate 369 374 382 387 374 379 387 39 1 428 432 527 
Natural Gas 335 299 413 35 1 36 2 317 424 360 378 334 494 
Electricity 1778 1339 1844 1346 1812 1321 1938 1380 2155 
Industrial 
Distillate 36 7 383 381 397 372 388 85 401 4 26 441 525 
Natural Gas 265 257 344 309 29 3 274 354 317 309 29 2 4 25 
Liquid Gas 374 395 374 39 6 374 39s 374 395 480 500 615 
305 31 7 318 330 310 323 324 337 Res i dua 1 
Electricity 955 1105 1022 1112 932 1094 990 1087 882 1073 953 
1443 
5 32 
430 
c1 a 
1321 
54 2 
388 
6 35 
472 370 383 459 
1157 
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Table 7. BNL Regional Price Projections (#/MM BTUs, 1978$) 
Base Case High Price Case 
19 85 1990 2000 1985 1990 2000 
NE S N E S  NE S N E S  NE S NE S 
Residential 
Oil 482 496 498 517 575 591 556 573 825 848 1089 1120 
Gas 538 322 557 332 646 385 573 342 576 344 688 411 
Electricity 1765 1475 1794 1501 1849 1546 2107 1761 2271 1899 1715 1434 
Commerci a1 
oi 1 477 477 494 494 569 563 551 551 816 816 1078 1078 
Gas 477 280 540 366 631 338 556 298 560 299 688 411 
Electricity 1758 1429 1794 1460 1843 1499 2099 1707 2262 1899 1708 1390 
k .  
21 ‘ i  u 
I ?  
Table 8 .  Foster Regional Price Projections [#/MM BTUs, 1978 $1 
tri 
Pres Market . Price Regulation 
19 85 1990 2060 1985 I990 1 1  ki 
MidAt soht M i d &  SoAt MiaAt SoAt MidAt & A t  MidAt SoAt 
Residential 
D i s t i l  1 at 8 380 365 403 389 541 514 369 346 399 371 
Natural Gas 405 402 432 429 558 555 313 310 356 352 
r l  
k 
L. 
. 
1 Commercial 
i ,  
w 
Distillate $76 360 398 384 535 511 364 336 595 366 
Natural Gas 418 417 445 444 S91 570 326 325 569 368 
\ I  Industrial 
kl, 
Distillate 313 513 343 337 479 463. 310 287 340 313 
$ 1  ki Residual 298 286 319 306 442 426 282 266 310 296 
Natural Gas 370 362 398 389 523 515 278 267 320 312 
Y 
2000 
MidAt SoAt 
508 479 
467 463 
SO3 474 
479 478 
449 428. 
411 395 
431 423 
\ 
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Despite the lack of uniformity i n  the regionalization schemes of the three 
Distillate prices models, several patterns are evident i n  the pr ice  variations.  
are lower i n  the more northerly regions, while natural  gas and e l ec t r i c i ty  pr ices  
are lower i n  the more southerly regions. In each of the models, the regional pr ice  
different ia ls  are  projected to  hold more o r  l e s s  constant over the projection period, 
regardless of the scenario being run. 
O i l  prices are  about 5% higher i n  the South than i n  the North. Natural gas 
prices vary much more by region. 
20% higher i n  the New York/New Jersey region than i n  the Middle Atlantic. 
Brookhavents projections, natural  gas prices i n  the Northeast are about 60% higher 
Under E I A t s  projections, they are  about 15% t o  
Under 
than those i n  the South. 
20% higher i n  t h e i r  more northerly region, compared t o  the other region. 
Both EIA and Brookhaven show e l ec t r i c i ty  prices being about 
Foster!s 
regional pr ice  differences are  much smaller than those projected by EIA and Brook- 
haven. 
price variation may largely reflect differences i n  the areas covered i n  each 
regionalization scheme. 
I t  should be emphasized tha t  it i s  possible tha t  the degree of regional 
Long-Term Regional Marginal Prices 
SRIts long-term marginal price projections are  provided on the basis o f ,  
Census regions. 
South Atlantic regions. 
direct ly  comparable t o  the r e t a i l  prices projected by the other models. 
Table 9 displays the projections f o r  the Middle Atlantic and 
Again, it should be noted tha t  marginal prices are  not 
The regional pattern of marginal prices is  very similar t o  that  of the 
r e t a i l  pr ice  projections, w i t F  the exception that  marginal pr icesrfor  dis t i l la te  
a re  s l igh t ly  higher i n  the more northerly region. 
e l ec t r i c  spaceheating marginal prices are considerably lower i n  the South Atlantic 
than i n  the Middle Atlantic. 
High BTU gas (natural gas) and 
It is  interest ing t o  note that  the marginal pr ice  
23 
Table 9. SRI Long-Term Margi Prices by Region (#/MM 
Base Case 
19 85 1990 2000 
MidAtl SaAtl MidAti SoAtl dAtl SoAtl 
Residential E 
Commercial 
Distillate 431 428 461 45 8 5 24 523 
High BTU Gas 47s 438 501 4 79 532 537 
Electric space at i159 lit1 1158 1110 1135 1018 
Industrial 
Distillate 353 350 383 380 446 445 
High BTU Gas 399 35 6 425 39 7 45 7 455 
1 
Low-Sul fur Residual 343 338 366 363 416 421 , 
Electricity 1043 996 1039 992 1010 995 
2022' 
MidAtl %At1 
552 5sd 
471 464 
1038 1006 
475 472 
395 38d 
385 456 
905 873 
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different ia l  fo r  high BTU gas diminishes over time. 
resu l t s  from the diminishing role of t radi t ional  gas fields i n  the coastal South, 
and the increasing ro le  projected f o r  l iquif ied natural  gas (LNG) imports and 
synthetic natural  gas (SNG) generated f r o m  i n t e r io r  coal f ie lds .  Natural gas 
prices are comparatively sensi t ive t o  transmission distances and neither SNG nor 
LNG favors the coastal South over the Middle Atlantic coastal region. 
This phenomenon apparently 
Marginal e l ec t r i c i ty  prices are projected t o  fa l l  slowly over the projection 
period, par t icular ly  after the turn of the century. 
increased use of coal and nuclear fuel  (and the declining o r  steady marginal prices 
for  these inputs) i n  the generation of e l ec t r i c  power. Marginal prices fo r  natural  
gas also begin t o  fa l l  late i n  the period, as LNG and SNG set the pr ice  fo r  natural  
gas. 
SNG from plent i ful  coal supplies are assumed t o  be delivered a t  steady o r  fa l l ing  
marginal prices. 
decades w i l l  be greatly influenced by the high marginal cost  of additional production 
f r o m  t radi t ional  sources of supply, and the scarci ty  value of the limited production 
potential  of current f ie lds .  
This resu l t  is due t o  projected 
Imports of LNG from countries with large reserves and production of domestic 
In contrast, natural  gas marginal prices over the next two 
Marginal d i s t i l l a t e  o i l  prices are projected t o  con- 
tinue t o  r i s e  throughout 
the turn of the century, 
larger role. 
the projection period, though a t  only %. 
as synthetic crude o i l  from coal and o i l  
annually after 
shale plays a 
L ASSUMPTIONS’ 
* r ‘  
\ 
The specific pr ice  projections of the models corlsidered i n  th i s  report resu l t  
of important economic relationships and assumptions 
and governmental pol ic ies .  Although each of these 
ich vary several important exogenous developments, 
such as world o i l  prices o r  the level of coal development, there are also underlying 
assumptions which a re  the same i n  a l l  of the scenarios, Consideration of these 
assumptions c e useful i n  eval on of the p laus ib i l i ty  of the model projectioris. 
‘ .  
ample, i f  it model a a rapid expansion of: on-line nuclear capacity 
I 
seem less r e a l i s t i c  Assumptions regarding 
’ , ,  
P t ion  of synt iquids and gases (from d o i l  shale) can also be 
important f o r  indications of possi 
may be attached t o  the a1 s geothermal. These 
supplyt1 price premiums which 
r and SRI models, which are  
, Energy Info ration’s Projections 
in the EIA’modei are 
timates are  taken from 
6 ”  
r ios  represent a l l  those 
‘ 1  The low sGply  
5% t o  100% chance of “proving out.11 
an assumption tha t  +%urrent practices” 
w i l l  hold, meani r ices  w i l l  remain constant i n  rea l  terms throughout 
78 dollars.  However, EIA notes 
that  !*an anal upply and demand reveals that  upward 
pressure on WJ 1 prices could develo cade of the 19801s.11 EIA 
25 
26 
scenarios involving r i s ing  world o i l  prices assume tha t  such prices remain constant 
through 1979, then rise a t  5% annually through 1990, when they would be over 60% 
above current levels i n  real terms. 
Due t o  the shorter projection period of the E I A  model (up t o  1990, compared 
t o  the year 2000 o r  beyond fo r  the other models), a l ternat ive sources of energy, 
such as renewable energy resources and production of synthetic crude, are  expected 
t o  have l i t t l e  influence on pr ice  levels.  
Brookhaven National Laboratory Energy Price Projections 
Brookhaven's basecase projections r e f l ec t  continuation of s ta tus  quo con- 
dit ions,  i.e., they represent the energy and economic growth paths that  would 
r e su l t  i f  policies and energy conditions evident today remained i n  force. Among 
the principal trends assumed are the following: 
- domestic natural gas prices are assumed t o  remain regulated but 
- the real pr ice  of imported o i l  increases a t  1% annually; - U.S. production of o i l  and gas increases somewhat i n  response t o  higher 
prices,  while coal production can be s ignif icant ly  expanded with small 
pr ice  increases. 
r a t e s  increase over time; 
' 
Among the economic assumptions, one is  that  productivity w i l l  increase more slowly 
than i n  the past .  Thus, economic growth rates  w i l l  be lower. 
The re la t ive  importance of o i l  and natural  gas is projected t o  drop s ign i f i -  
cantly. 
consumption. 
t o t a l  energy consumption. I t  is  assumed that ,  i n  the case of natural  gas, supply 
l imitations w i l l  be ref lected i n  both higher prices and i n  non-price res t r ic t ions  
on avai labi l i ty .  
In 1977, these fuels  combined accounted f o r  three-fourths of U.S. energy 
By the year 2000, they are projected t o  account fo r  about half  of 
Coal is  projected t o  increase rapidly i n  importance. Up t o  1990, most of the 
increase i n  coal use is accounted 
of coal by industry is assumed.to 
f o r  by e l ec t r i c  u t i l i t i e s .  
account fo r  most of coal 's  
After 1990, d i rec t  use 
continued growth. 
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Nuclear energy is ass d t o  be the major source of projected growth i n  
e l ec t r i ca l  energy gene Its share of electrical output is assumed t o  rise 
from about 10% i n  1977 t o  nearly 50% by the year 2000. 
- Elec t r ic i ty  use is assumed t o  grow more rapidly than energy use i n  general, 
s of pr ice  increase fo r  e l ec t r i c i ty  compared t o  due largely to  the much lower r 
o i l  and gas. By the 
primary energy input, 
000, e l ec t r i c i ty  is  projected t o  use about 40% of a l l  
red t o  30% i n  1977. 
New technologies, such as geothermal, so l a r  energy, etc., are  assumed t o  come 
into use during the projection perio up t o  the year 2000), but play only a very 
The Foster Model uses two interrelated approaches: an empirical analysis of 
!!J 
c 
the 
the 
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factors which are  assumed t o  determine the pr ice  of each source of energy, and 
f- 
judgment of experts regarding both market and nonmarket influences. Thus , Li 
Foster's projections are not based on a specif ic  econometric model, but ra ther  are  
b u i l t  on key assumptions followed by empirical analysis and expert judgment, ' 
O i l  prices i n  the first ha l f 'o f  the forecast period (1975-1990) are  assumed . 
t o  be dominated, not by t radi t ional  supply and demand factors,  but by OPEC pricing 
decisions. In Foster's base case (an average of the Free Market and Regulated cases), 
rea l  world o i l  prices are assumed t o  'drop about 10% during the 1976-1985 period; t o  
increase about 2% per year from 1985 t o  1900; t o  increase about %% from 1990 t o  
1995; and then t o  grow a t  S% annually through the end of the century. 
U.S. o i l  production is expected t o  r i s e  from about 8'4 MMBD i n  1975 t o  about 
13 MMBD i n  1990, and then t o  r i s e  slowly t o  about 14 H B D  by 2000. Production of 
synthetic crude from shale and crude production from t e r t i a ry  recovery techniques 
become important about 1990. Projected average U.S. crude prices under f ree  market 
conditions are  ( in  1978 $) $14.74 i n  1985, $15.90 i n  1990, and $22.66 i n  2000, The 
Foster report emphasizes the high degree of uncertainty associated with these fore- 
casts,  but s t resses  the factors working i n  favor of much higher prices.  Y! 
Natural gas prices are  expected t o  increase rapidly f o r  the following reasons: 
1. 
2.  
3. 
4. 
Regulation has kept the prices below the market value and replacement 
costs f o r  the gas; 
Higher priced supplemental gas (including SNG and LNG) w i l l  become a 
greater portion of t o t a l  gas supply; 
If pr ice  constraints a r e  removed, gas prices w i l l  tend t o  move t o  ! 
par i ty  with o i l  prices; 
Because gas burns clean and hot, it has a t t r ibu tes  which have market 
values which are not currently reflected i n  market prices.  
Estimates of additions to  reserves were made under two s e t s  of assumptions, one 
favoring high production, and another favoring low production of new gas. The high 
' production case leads to  an increase i n  gas supplies of 30% above the low production 
case. fmportatipn of Canadian natural gas is  assumed t o  f a l l  s l igh t ly ,  and then 
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remain stable over the forecast period. 
a l l y  t o  between 2 and 3 quadBTU by 2000, about equal t o  the projected level of 
SNG produced i n  tha t  year. 
projected gas supplies. 
LNG imports are expected t o  increase gradu- 
In 1990, LNG and SNG combined represent about 11% of 
Nationally, under free market conditions, r ea l  natural gas prices are expected 
t o  increase over 1975 levels by about 300% f o r  res ident ia l  users; about 350% fo r  
commerkial users; and about 385% f o r  industr ia l  users by the year 2000. 
Major uncertainties i n  Foster's gas pr ice  projection include the nature of 
future regulation and the f ac t  tha t ,  since gas prices are assumed t o  r i s e  t o  par i ty  
with. o i l  pr ices ,  uncertainties i n  the o i l  pr ice  forecast cam over t o  gas prices.  
In coal production, Foster assumes a trend away from d i s t inc t  geographic coal 
markets f o r  Eastern and Western coal, largely i n  response t o  SO2 regulations. 
is further assumed that  incremental coal demand w i l l  largely be fo r  low sulfur  coal, 
since most of t h i s  demand would be coming from large industr ia l  users and power plants 
whicA must comply with new source regulations 
I t  
Growth i n  coal supply increases i n  a l l  regions.of the nation from 1974 t o  1985, 
and then the r a t e  of increase slows fo r  the remainder of the century. 
growth a f t e r  1985 resu l t s  primarily from the assumption regarding increased nuclear 
power a f t e r  t h i s  time. 
This slower 
Transportation costs are a s ignif icant  portion of the burner t i p  pr ice  f o r  
coal, and w i l l  continue t o  be so  over the forecast period. 
costs a re  shown i n  Table 10. 
Projected transportation 
In 1975, average coal prices for  e l e c t r i c  u t i l i t i e s  i n  the South Atlantic were 
about $1.18 per million BTUs. 
South and Mid Atlantic regions are s e t  i n  Table 11. 
siderably less  than those projected f o r  o i l  and gas. 
Projections f o r  high and low sulfur  coal fo r  the 
These pr ice  increases a re  con- 
In 1974, the South Atlantic obtained about 51% of i ts  e l ec t r i c i ty  from coal. 
In the Mid Atlantic, coal accounted f o r  About 8% was obtained from nuclear power. 
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Table 10. Foster's Projected Transportation Costs f o r  Coal 
(+/ton mile, 1978 $). 
1975 $9 85 1990 2000 
Unit t r a i n  1 . I8  1 .T7 1 .,88 2.12 
Multiple train 2.36 3.53 3.77 4.24 
Slurry pipeline -- 1.07 1.10 1 .I4 
Water carrier -- .88 .94 1.06 
Table 11. Foster's Projections for  Coal Prices ((/MMBTU, 1978$) 
2985 1990 2000 
High Sulfur 147 157 180 
tow Sulfur 174 186 21 0 
South Atlantic 
High Su l f i r  111 119 141 
Lou Sulfur 171 181 205 
Mid Atlantic 
f L: 
t 
ij 
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39% of e lec t r ica l  power, while nuclear accounted f o r  8%. Nationally, coal 
accounted for  43% and nuclear fo r  6% of a l l  e lec t r ica l  power generated. 
Foster used an optimistic shale production estimate of .3 MMBD by 1985 and 
assumed that ,  by 2000, production costs of shale syncrude w i l l  have fal len and 
environmental issues w i l l  have been resolved Po the point where shale w i l l  pro- 
vide substantial  amounts of synthetic crude o i l .  
The 
energy sup 
Long-run I- 
and conver 
are based 
Gene 
steeply, w 
Crude imp0 
assumed de 
After 1990 
un t i l  the 
gas (SNG) 
LNG could 
Coal 
gas prices 
reflecting 
principal 
the ground 
Stanford Research International 
s t  important assumption underlying the SRI model is that  1 
ies w i l l  be provided from sources which a re  highly pr ice  'e las t ic .  
ource prices are assumed t o  be more sensit ive t o  the cost of production 
on costs than to  the level of demand, because long-run energy supplies 
, P  
dant coal, o i l  shale, and uranium. 
domestic o i l  and natural gas prices cted t o  r i s e  re la t ively 
l e  t h e i r  market shares f a l l ,  ref lect ing d 
s are assumed t o  rema ugh 1985 (due t o  
ntrol  of  domestic o i l  and e m  production 
imports again begin t o  grow and continue t o  increase t h e i  
rst decade of the next century, whe 
assumed t o  be i n  place. 
ports play a ro le  f o r  a time, but it is  assumed t h  
3m coal can be produced at lower costs. e East Coast, however, 
i l l  be competitive with SNG, due t o  transportation cost differences. 
roduction is projected t o  grow rapidly and, i n  contrast t o  o i l  and 
shows only moderate increases over the forecast period (1985-2022), 
le abundance of coal re la t ive  t o  i ts  demand. 
Eertainty regarding coal (and nuclear fuels) is not how much is i n  
>ut how much it w i l l  cost t o  produce. After the year 2000, an increasing 
f the resources. 
a viable synt 
On 
Unlike o i l  and gas, the 
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portion of coal production is  devoted t o  producing synthetic l iquids and gases. 
For example, the synthetics account f o r  about 40% of to t a l  coal production on a BTU 
basis by 2016. 
re la t ively small (only about 10 quadBTU by 2022). 
Shale syncrude production begins about the year 2000, but remains 
Nuclear power is assumed t o  grow rapidly through 1995 and then t o  slow i ts  
r a t e  of growth for  the remainder of the projection period. 
Electrical power price increases are projected t o  be modest early i n  the 
projection period, and then fa l l  later i n  the period. 
high cost of electrical energy compared t o  other forms of energy w i l l  hold down the 
growth i n  electrical demand. 
f o r  space heating w i l l  continue t o  grow, and it w i l l  account for most of the  growth 
i n  res ident ia l  energy demand. 
is viewed as a seasonal load leveler. 
heating appeals t o  building contractors because the capi ta l  costs fo r  certain types 
of electric heating systems are lower than those f o r  other types of heating. 
model also assumes a 260#/MM BTU premium fo r  e lec t r ic i ty ,  ref lect ing consumer 
preference compared t o  natural gas f o r  heating. 
safety, cleanliness, convenience, and .security of supply. E lec t r ic i ty  is assumed 
t o  be highly competitive i n  the miscellaneous heating market (e.g., water heating, 
cooking, and clothes drying), because the low u t i l i za t ion  factors  favor less  
capi ta l  intensive options. 
However, the co 
In the resident ia l  sector,  however, e l ec t r i c i ty  use 
In summer peaking areas, e l ec t r i ca l  space heating 
I t  is also assumed that  e l e c t r i c  space 
The 
This premium is based on perceived 
i, 
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